We investigated the annual changes in sediment fluxes at two depths in Lake Lugano, Switzerland, and the associated variations in carbon and nitrogen isotope composition of sedimenting organic matter. The organic carbon and nitrogen fluxes increased by 10 and 20% with depth, respectively, whereas particulate phosphorus fluxes showed an increase of 114% with depth. The 8°C and 615N of organic matter showed large seasonal changes ranging between -40 and -22%0 for C and 4 and 16%0 for N. The variations in SIC can be attributed to variations in primary productivity level, changes in the carbonate chemistry, and isotope discrimination during photosynthesis. Very heavy nitrogen isotope compositions of organic matter in winter may indicate an external source of organic N. Comparison of the C and N isotope composition of organic matter in the top sediment with the sediment traps indicated that the observed flux increases with depth were due to a combination of lateral organic matter transport, sediment reworking, and possibly a contribution of allochthonous organic matter.
Organic matter (OM) is an important component of settling particles and sediments in lakes. It influences a variety of biogeochemical processes and is the most important factor controlling redox conditions, the oxygen budget of bottom waters, and the cycling of phosphorus, other nutrients, and trace metals. The quantification of fluxes and accumulation rates of OM are therefore important parameters for any model of lake restoration (Bloesch and Uehlinger 1986) . Secondary processes such as resuspension from the bottom sediments, lateral transport within the water column (sediment focusing), or transport at depth of detrital matter through river input (Hilton et al. 1986 ), however, often impair the precise determination of sediment accumulation rates. By characterizing the C and N isotope composition of settling particles during an annual cycle, it may be possible to distinguish between these processes if the seasonal variability of SIC and 61sN in primary OM is large enough and contrasts with the isotopic composition of the bottom sediment and the allochthonous input from OM derived from the catchment area.
The amount of OM stored in sediments and its chemical and isotopic composition are also valuable tools for reconstructing past changes in productivity, in C and N cycling, and biological community structure. Carbon isotope composition of bulk lacustrine OM has been widely used to reconstruct paleoenvironmental conditions (e.g. Hollander and McKenzie 199 1; Schelske and Hodell 1995) . However, during sedimentation and deposition, OM is microbially transformed and decomposed, and many questions remain open concerning the preservation of primary isotope signals in sediments. On the other hand, N isotope studies of lacustrine OM are scarce and only rarely has the variability of iY5N of OM during an annual productivity cycle been studied, perhaps due to the more complex nature of the N cycle compared to that of C. Although N isotopes are increasingly used as tracers for food-chain and trophic interactions in lakes, occasional discrete sampling with plankton nets may not be representative of the bulk OM present in the system. Therefore, more studies of the annual variations of 615N in sedimenting particles are needed to provide a comprehensive database for a better understanding of the factors controlling the cycling of N in lacustrine systems.
In this paper we report results from a sediment trap study over an annual cycle in Lake Lugano, Switzerland, where biweekly sampling at two depths was carried out during 1994. The aim of the project was to characterize the variations in C and N isotopic composition of OM during an annual cycle and to determine the relationship between chemical and biological parameters in the water column and the C and N isotope composition of settling OM. Moreover, we evaluated the potential of using C and N isotope composition of sediment trap material to characterize the processes of sediment transport and resuspension in lakes.
Methods and samples
Cylindrical sediment traps 9 cm wide and 66 cm long were deployed at 20-and 89-m depths (6 m above lake bottom) at the Figino locality ( Fig. 1 ) and emptied biweekly except in winter, when 3-week deployment times were used to obtain enough material. No preservatives were added to limit degradation during the deployment time. Immediately after collection, each sample was resuspended in the water, and aliquots of S-20 ml were filtered through precombusted Whatman GF/C glass-fiber filters. The filters were decarbonated with 0.3% sulfuric acid, washed with deionized water, dried, and their organic C content was determined with a Carlo Erba NA1500 elemental analyzer. For P and N analyses, homogenized aliquots of the samples were digested with persulfate at 120°C for 1 h (Valderrama 1977) ; subsequently, P was determined photometrically as P-molybdate, and nitrate was analyzed with a UV-emission spectrometer at 210 nm (APHA 1989) . Estimated analytical precision is 4% for P, 2% for N, and 4% for C.
For the determination of C and N isotope composition, 30-50 mg of sample were dried at 50°C for 48 h, decarbonated in dilute hydrochloric acid, thoroughly washed with distilled water, and then freeze-dried on a vacuum line. The samples were combusted in evacuated quartz tubes with cupric oxide and copper at 900°C for 3 h and allowed to cool slowly overnight to assure conversion of N oxides to N,.
CO, and N gas were then cryogenically separated on a vacuum line by freezing the N on silica gel. The gases were measured on 3 Fisons Optima mass spectrometer, calibrated with NBS 19 and NBS 22 for carbon and IAEA-N], IAEA-N2, and IAEA-N3 standards for N. C and N isotope compositions are reported in the conventional delta notation with respect to V-.PDB and atmospheric N (AIR), respectively. Analytical repsroducibility is 40.1 and +0.2%0 for C and N, respectively.
Lake description and location
Lake Lugano is located south of the Alps at the SwissItalian border (Fig. 1 ) and lies 271 m above sea level in a valley formed during the Tertiary by fluvial erosion. Its present morphology results from Pleistocene glacial erosion (Niessen 1987) . Lake Lugano has a surface area of 48.9 km2 and a watershed of 587.5 km* (Barbieri and Polli 1991) . The lake is divided in two main basins by a frontal moraine at Melide, on which an artificial dam was built in 1844. A third smaller basin is located before the outlet, the Tresa River. Our study concentrated on the monomictic southern basin of the lake. This basin has a catchment area of 269.7 km* (587.5 including the northern basin), a volume of 1.14 km?, a maximum depth of 95 m, and a mean water residence time of 1.4 yr (Barbieri and Polli 1991) . Water temperature at the lake surface ranges from 5.6"C in winter to up to 28°C in summer. The major inflows for the southern basin are the northern basin (catchment area 270 km*) and the Vedeggio River (catchment area 92 km2; LSA 1992). Lake Lugano is eutrophic and has an average P content of 70 mg m-'; total primary productivity in 1994 was 300 g C m-* yr-'.
Results
Sediment jh. res-The total yearly fluxes of particulate organic carbon (I'OC), particulate nitrogen (PN), and particulate phosphorus (PP) were greater in the 89-m than in the 20-m sediment trap (Table 1) . PP exhibited an exceptionally large increase of 114%, whereas the increase with depth for C (10%) and N (20%) were smaller. The seasonal POC fluxes (Fig. 2) in the 20-m trap varied between 41 and 458 mg C m-* d -I. A short-term depositional event of 1,758 mg C m-* d-l was observed in September and was produced by a storm that transported large amounts of allochthonous material to the center of the lake. This event was recorded not only in the POC accumulation rates of the 20-m trap, but Table 1 . Total fluxes (in g C me2 yr -I) of POC, PP, PN, and total particulate matter (TPM), weighted isotopic composition of yearly sedimentation calculated with the individual sediment traps, and C and N isotope composition of a sediment core top at the Figino location. The confidence levels for the weighted isotope composition are 0.1 and 0.2%~~ for C and N, respectively. Note the increase in sediment accumulation with depth and the differences in isotopic composition of the traps and the top of the sediment. This pattern indicates that the sedimenting material consisted primarily of river-derived material with low N and P contents in the 20-m trap, but possibly included reworked lake sediment with high N and P concentrations in the 89-m trap.
The POC and PN concentrations in the settling material ranged from 4.4 to 22.5% and from 0.4 to 2.4%, respectively. The lower trap often showed higher POC and P contents than did the upper trap. The C : N ratio of the sedimenting matter (Fig. 3, Table 2 ) varied between 5.5 and 16.7 before the storm event in September (sample FI 234). The C : N ratio of the storm-induced sedimentation reached 57 and remained between 4.4 and 26.2 during the following 3 months. The sharp peak in the C : N ratio observed in September in the 20-m trap was not as pronounced as in the 89-m trap. The relatively high C : N ratios in the samples between September and November reflected the larger input of allochthonous organic matter from both the large September storm and other smaller fall storms. The stoichiometric C: N: P ratios for the total annual sedimentation were 112 : 9 : 1 in the upper and 57 : 5 : 1 in the lower trap. In the lower trap these ratios were much lower than the theoretical Redfield ratios of 106 : 16 : 1 (Redfield et al. 1963 ) and indicates the incorporation of significant amounts of P in the sinking material in the deeper part of the water column. The largest relative increase in the P flux was observed between August 1994 and January 1995.
C and N isotope geochemistry-The C and N isotope compositions of OM are presented in Tables 1 and 2 and in Fig. 4 . Both I?XZ and S'"N were subject to pronounced seasonal variations: from -40 to -22%0 for C and from 4 to 16%0 for N. 613C evolved smoothly through the year, whereas N changed abruptly between winter, early spring, and summer. The C isotope compositions of the upper and corresponding lowl:r traps were always similar (Fig. 4 ). In contrast, the changes in SlsN occurred synchronously in both the upper and lower trap but with distinct differences in absolute values. Nevertheless, for both S'"C and 615N, the general shape of the curve for both traps is similar. On a 613C vs. 6"N plot (Fig. 5) , the OM forms two distinct groups: sedimenting particles of the winter (W), characterized by very heavy N isoto qe compositions (10-l 6%0) and very light 613C (-3 1 to -40%0), and summer particles (S) with S"C between -30 and -22%0 and 6'"N between 3.6 and 8%0. Microscopic obslxvation of the sediment trap samples showed that most of the OM in the sediment traps consisted of amorphous particles. The storm sample with the highest C : N ratios (sample FI 234) also had relatively low S'"N and a 613C of about -25%0. These are typical values for terrestrial plants (Fry 1991) and are consistent with a significant input of detrital terrestrial OM. Weighted carbon isotope composition for the whole year changed from -28.3%0 at 20-m depth to -30.20%0 at 89-m depth and to -29.7%0 in the top centimeter of the sediment. S15N changed from 7.0%0 at 20 m to 7.9%0 at 89 m and to 6.3%0 in the top centimeter of the sediment. Relative to the 20-m sediment trap, C is enriched in the lighter isotope in the 89-m trap and in the heavier isotope in the sediment; N became heavier in the 89-m trap and then lighter again in the sediment.
Discussion
Sediment fluxes-The total export flux of organic C from the photic zone measured with the sediment traps was -100 g C m -* yr I (Table 1 ) and represents about one-third of the total annual primary productivity of 300 g C m 2 yr-I (LSA 1995); the remainder was eliminated in the photic zone by grazing, respiration, excretion, and mineralization. This value for the export production is in good agreement with determinations in other lakes that range between 15 and 35% of total primary production (e.g. Kimmel and Goldman 1976; Bloesch and Uehlinger 1989) . The predominantly autochthonous origin of the OM is indicated by the positive correlation (r* = 0.48) between the sinking fluxes of POC and variations in primary productivity during the annual cycle (LSA 1995) .
The observed increase in fluxes of POC, PN, PP, and total sediment with depth (Table 1 , Fig. 2) can be explained by different mechanisms. In a literature review, Hilton et al. (1986) concluded that at least 10 different mechanisms control sediment distribution and focusing in lakes. By using the conceptual method of Bloesch (1982) and the measured C and N isotope compositions, we tried to determine whether the increase in POC and PN fluxes could be explained by the following: (1) resuspension from the lake bottom, (2) lateral transport of sediment in the water column (sediment focusing), or (3) sediment transport by rivers. We tested the importance of possible resuspension with the stable isotope data. By using the measured C and N isotope composition of bottom sediment (Table l) With the exception of one sample (FI 238), the calculated compositions of the bottom traps were significantly different from the compositions measured in the 89-m trap (Fig. 6) . Results for the winter samples in particular exhibited large discrepancies between calculated and measured C and N compositions. Although we assumed, as a first approxima- tion, that there were no significant alterations of 613C and 6'"N during sinking through the water column (see below) and that the resedimented material had the average composition of the top I cm of the sediment, these calculations indicate that sediment resuspension from the lake bottom alone cannot be responsible for the observed flux increases with depth.
By using the opposite approach, we calculated the isotopic composition of the excess material, which accounts for the observed differences in isotope compositions between the two traps, by solving the above formula using the measured values of the 89-m trap. The calculated 6°C of the added material varies between -26.2 and -42.5%0 (Fig. 7A) , whereas WN ranges between -42 and +44%0 (Fig. 7B) . The C isotope composition of the added material varies through the year and follows the trend observed in the 20-m trap. This suggests that at least part of the sedimentation increase can be attributed to the addition of fresh material produced at other locations of the lake, Because the sampling station Figino is located in front of the outlet, water from the whole basin is transported toward the sampling station. This may lead to a net transfer of particulates from the southeastern portion of the southern basin, which are added to the in situ production. This hypothesis is supported by an increasing oxygen depletion observed in the hypolimnion along the main axis of the lake toward the outlet (LSA 1995) . In spite of similar levels of primary productivity at the two sites, the oxygen consumption through oxidation of reduced organic compounds is higher in the NW (LSA 1980 (LSA -1995 owing to the additional material transported toward the outlet.
The calculated N isotope compositions of the excess sediment in the bottom traps shows a wider scatter and no relationship to the compositions observed at 20 m (Fig. 7B) . The largest differences in Si5N of PN were observed during the winter, outside the main production period. However, the differences between top and bottom were not as systematic as for C. In winter 1994, the 89-m traps were enriched in 15N compared to the 20-m traps, whereas during winter 1995, they were depleted in lsN. These differences indicate that long-term monitoring over many years is necessary to understand fully the processes leading to these changes. The rather extreme and widely variable N isotope compositions indicates that factors other than simple resuspension of bottom sediment and lateral transport with input of terrestrial OM are responsible for the observed differences. Although there are no data on the N isotope composition of littoral sediments, we do not expect them to show such extreme isotope compositions (e.g. Owens and Law 1989) . A possible explanation for the inconsistency between the calculations based on the C and N isotopes is that the SlsN of PN may be more prone to alteration by bacterial degradation than is 6lC.
The above method for determining resuspension in sediment traps is based on the assumption that both the C and N isotope compositions of the settling OM are conservative. If, however, the isotope compositions were altered by degradation processes, the calculations of additional inputs may not be accurate. In the literature there is no consensus on this point. In many studies it has been assumed that diagenetic changes in C isotopic composition of OM are small or negligible (e.g. Sackett 1964 ), but other studies reported more substantial isotopic changes (e.g. Meyers and Ishiwatari 1993) . A possible mechanism to alter the C isotope composition of sedimenting particles is selective loss of the more labile carbohydrate fraction, which is in general more enriched in ')C than the total OM (Degens 1969 ). In addition, amino acids are relatively enriched in 'C, whereas lipids are on the average 10%0 and cellulose l-2%0 lighter than total plant tissue (Degens 1969) . Therefore, preferential removal of the more labile amino acids fraction would lead to a decrease in the iY7C of the sedimented POM. Fewer studies have dealt with preservation of N isotope ratios; however, it is generally assumed that degradation of OM leads to an enrichment in 15N. Heavy isotope composition in estuarine and marine OM has been attributed to extensive alteration (Altabet and McCarthy 1985; Saino and Hattori 1987; Owens and Law 1989) . The same observation has been made in soils, where 615N increases with OM age and degree of decomposition (e.g. Nadelhoffer and Fry 1994). The exact mechanism for these enrichments is unknown, but in general these are attributed to preferential removal of 14N during mineralization.
Comparison of the N isotope composition of the sediment traps that show a flux decrease with depth (varying between 5 and 48%) shows that the N isotope composition at 89 m was more positive by O-1.0%0 than was the top trap, with the exception of one sample that showed a decrease of -3.1%0. For carbon, the difference between the 89-m and the 20-m trap varied between -2.3 and +2.2%0. These data indicate that alterations during sinking in the water column may cause slight changes in the isotope composition of the sinking organic matter but not enough to explain the differences observed when the fluxes increase. A comparison of the composition of the top of the sediment, which represents -2 yr of sedimentation, with that of the sediment traps sug-' gested that some alteration of the primary isotope composition also occurred during early diagenesis. Differences of 0.5 and 1.6%0 for C and N, respectively, are observed compared to the bottom sediment trap. Whereas the 0.5%0 difference in 613C could be attributed to the cumulative error of the C isotope measurements of the sediment traps (+0.2%0), the 1.6%0 difference in 6'"N is much larger than the error of the measurement (+0.2%0). The cumulative differences in total fluxes between the upper and the lower trap for the period 1993-1995 are presented in Fig. 8 . For POC and PN a similar trend is observed in these plots. A decreasing trend, indicating a reduction in flux, probably due to active mineralization in the water column, was observed during July, August, and September for C, and between July through October for N. In winter, accumulation in the lower traps was higher than in the upper traps. Decomposition was predominant when the water column presented a stable stratification and when anoxia developed in the water column below 60-m water depth (JuneSeptember). The long-term trend of increasing accumulation with depth was seen for the whole period 1993-1995, indicating that the observed sedimentation feature was not a peculiarity of 1994.
For PP a different long-term trend was observed: the accumulation was higher in the 89-m trap throughout the year, with only a slight reduction in the magnitude of increase between June and October. This reduction may be related to the development of anoxic conditions in the water column and to the redox-controlled solubility of P bound to Fe-oxyhydroxide particles. Fe-oxyhydroxides are known to have a high sorption capacity for P (Stumm and Morgan 1981) and have been shown to be important carriers of P at the Figino locality (Lazzaretti et al. 1992) . In summary, these data show that the processes controlling accumulation of PP are decoupled from those controlling C and N, and that no single mechanism can explain the observed changes in fluxes.
C isotopes: Controls on seasonal variations-h the following we discuss the seasonal variations in isotope composition observed in the 20-m trap, which is considered representative of the isotopic composition of the phytoplankton and their relation to the dissolved inorganic carbon (DIC) system. In Lake Lugano, large variations in pH and alkalinity were observed in the surface waters during the annual cycle (Fig. 9) . The pH varied from 7.73 in winter to values of up to 9.01 during the peak productivity period in August. Alkalinity decreased from values of 2 meq liter-' during winter to values of 1.2 meq liter-' in summer. The increase in pH was related to the photosynthetic removal of CO,, which led to calcite precipitation and, in turn, to decreased alkalinity.
The C isotopic composition of OM is controlled by multiple factors. The first is the isotopic composition of the source DIC, which varies in response to the preferential removal of '*C during organic matter synthesis in the photic h .Y, 1.6 r .I 'T;i : Fig. 9 . The pH and alkalinity at Figino during 1994. Note the increase in pH due to high productivity and the associated decrease in alkalinity.
zone. This effect is clearly seen in Fig. 10 , which shows an enrichment in '"C in the photic zone of -3.9%0 during summer. In addition, seasonal temperature variations induce a change in isotopic composition of dissolved CO, (the source of C for most algae) because of the temperature-dependent fractionation between bicarbonate and dissolved CO, (Mook et al. 1974 ). The range in C isotope compositions of POC in the 20-m trap, which more closely represented the C isotope composit ion of the primary productivity, was 18%0 ( Kenzie 1991 and references therein). This range was much larger than the change in 6'"C of DIC in the surface waters, which only changed between a maximum of -6.6%0 in August and a minimum of -10.5%0 in February (Fig. lo) , or a total change of 3.9%0.
The calculated range in 6'C of dissolved CO,, using the fractionation factors of Mook et al. (1974) and considering both the temperature variations observed in the mixolimnion and the measured 3.9%0 variation in the 613C of DIC, was -21.2%0 to -15.8%~ or a net change of 5.4%0. However, the extreme values for the isotope fractionation AS13C COz(aqj-PoC were 18.8%0 in winter and 6.2%0 in summer; therefore, the larger changes in the isotope composition of POC compared to the variability in isotopic composition of the source CO, must have resulted from additional factors. When the availability of CO,(aq) is limited because of the high pH, active transport of bicarbonate by algae has been observed (Badger 1987 ). Because bicarbonate is 11.5-8.8%0 more enriched in 13C than in the coexisting CO, at temperatures between 5 and 25°C (Mook et al. 1974) , direct incorporation of HCO,-may have caused the heavy C isotope composition observed in the summer samples. Smaller isotopic fractionation owing to high growth rates of phytoplankton, when CO, diffusion becomes the rate-limiting step across the cell membrane, is a possible additional factor (Cifuentes et al. 1988) . The variation in algal assemblages, with diatoms dominating in spring and autumn and green algae dominating in sumlner (LSA 1995) , may be yet an additional factor that influenced the C isotope composition of the POC.
At this point in the study it is not possible to constrain further the controlling factors on the C isotope composition of OM. One of the main problems in quantifying these factors in lacustrine systems is the presence of significant vertical gradients of 6°C ,>rc, pH, and temperature in the water column. Algal productivity occurs throughout the mixolimnion, but the depth of the highest concentrations of algal biomass changes over the season, depending on various environmental factors, such as light intensity and nutrient availability. Therefore, it is difficult to establish a mathematical relationship between S13C of OM and isotopic composition of DIC and CO, concentrations. An additional complication arises from the fact that the sediment traps represent an integration of the signal over 2 weeks and may also contain some detrital material.
In Fig. 11 we plotted the values of the isotopic fractionation l p = [(8TCOz(aq) + 1 ,ooo)l(8'3cp~c + 1 ,OOO)] -1 x 1,000 (Fahrquar et al. 1989 ) against CO,(aq) concentrations for Lake Lugano that were calculated from carbonate equilibria (Stumm and Morgan 1981) . The data from Lake Lugano are compared with the regression calculated by Hollander and McKenzie (1991) based on data from Lake Grcifen, another eutrophic lake in Switzerland. Comparison of the results from these two studies shows a fairly good agreement for three data points but a large discrepancy for two others. The reasons for these differences remain unclear.
N isotopes: Controls on the seasonal variations-In marine environments, S15N compositions of phytoplankton and sedimenting organic matter correlate negatively with nitrate concentrations and therefore are a good indicator of the degree of nitrate utilization in the photic zone (Altabet and FranGois 1994). Because phytoplankton preferentially incorporate 14N during growth, the relationship between S15N of PON and nitrate concentration should reflect Raleigh fractionation kinetics (Altabet and Francois 1994). Nitrate concentrations in the photic zone of Lake Lugano in 1994 varied from 1.3 mg NO,-N liter-l after winter overturn to 0.35 mg NO,-N liter-' in September. The N isotope composition of OM in the 20-m trap, however, does not correlate with nitrate concentrations in the water column (Fig. 12) . Because a 75% reduction in nitrate concentration in the epilimnion was observed during the growth season, a relationship be-tween ai5N and nitrate concentration was expected. The lack of correlation between S15N of PON and nitrate concentration and the fact that the winter samples, collected when the nitrate concentrations were the highest, showed the most positive compositions suggest that other factors influenced the N isotope composition of OM in Lake Lugano. Ammonium concentrations in the photic zone of Lake Lugano varied between 0.01 and 0.04 mg NH,-N liter-', with only two peaks of 0.12 mg NH,-N liter -1 in May and December (LSA 1995) . These low concentrations (two orders of magnitude lower than nitrate) suggest that ammonium is probably a minor factor in determining the N isotope composition of OM.
A possible explanation for the high 6"N could be that the winter material is composed predominantly of heavily altered OM, as it has been suggested that degradation can produce isotopically heavy OM (Owens and Law 1989) . Size fractionation of the OM could also contribute to the observed variations, because small size particles may remain in suspension for longer times and become more heavily degraded. Altabet and McCarthy (1985) and Saino and Hattori (1987) have shown that in marine waters, deep water particulate organic matter (POM) is enriched in '"N by -6%0 because of isotopic fractionation during mineralization. The OM in summer may sink faster than in winter because of aggregation. This would particularly enrich small-size OM in winter. However, the low C : N ratio does not completely support this hypothesis as an increase in C : N ratio is expected upon degradation. Moreover, as mentioned earlier, the relative proportion of matter trapped in the winter corresponded closely to the relative proportion of winter productivity to total annual productivity, suggesting a primary origin of this OM.
In 1994 the overall contribution of winter sedimentation with a heavy N isotope composition was -19% of the annual sediment flux measured. A possible explanation for this unusually high 615N is an input of OM from the water treatment plant at Bioggio. This contribution may be evident only during winter, when both primary productivity and the input of allochthonous organic matter are limited. The input of OM from the water treatment plant can be estimated by assuming an average POC concentration of 10 g m-" in the discharged water and a discharge of 1 m7 s-l (corresponding to lo5 habitant equivalents; LSA 1995) and a 30% export out of the epilimnion. Based on these assumptions, we estimated that the POC load to the lake from the water treatment plant corresponded to -5% of the total yearly productivity. However, because productivity is low in the winter, the relative proportion of POC from the water treatment plant can represent up to 20% of the measured POC flux. If this material has an unusual N isotopic composition, it may explain the high 615N. Further studies are in progress to characterize the amounts and isotopic composition of the OM derived from the Vedeggio River and the water treatment plant.
Conclusions
Our study documents that large seasonal variatibns occur in the N and C isotopic composition of OM in Lake Lugano.
This study als#D shows the potential of stable C and N isotope analysis in delineating sedimentation processes in lakes. The similarity in isotopic composition between the two traps and the mass balance calculations indicated that the increase in POC fluxes observed in the lower trap were due to a combination of lateral transport of sinking biomass with a possible contribu:ion of sediment resuspension from the lake slopes. In addition, there may have been a contribution of OM derived from the water purification plant at Bioggio that discharges into the Vedeggio River. The large variations in both S'"C and SlsN observed in this study indicate that models of food chains based on stable isotope analysis of different trophic levels should take into account the possible large variations in isotope composition of primary producers during an annual cycle. Unfortunately, few data on the seasonal variations of N isotopic composition of OM in lacustrine environments are available, and it is therefore not possible to judge if the variations observed in Lake Lugano are common in other lakes. Kiriluk et al. (1995) reported variations of S15N in plankton lake Ontario from 1.16 in spring to 12.06 in Ser,tember, with corresponding variations in 6°C from -33.1 to -21.9. The compilation of data for carbon in Zohary et al. (1994) also showed amplitudes in S'"C of different lacustrine systems varying between 5.3 and 20%0. These data indicated that the variations observed in Lake Lugano are probably not unusual. Gu et al. (1996) found large variabi1it.y in 615N in Florida lakes across a trophic gradient and suggested that primary productivity is one of the dominant variables controlling 615N of lacustrine organisms. The data from Lake Lugano do not support this conclusion but suggest that other controls may be more important.
